Introduction
Spinal cord injury (SCI) is damage to the spinal cord that results in loss of mobility and sensation below the level of injury. This disorder is characterised according to the amount of functional loss, sensational loss, and inability to stand and walk. 1e3 The incidence of SCI varies among countries. For example, there are 12.7 and 59 new cases per million in France and the United States of America, respectively. 4, 5 It may be a result of trauma (especially motor vehicle accident), penetrating injuries, or diseases. As a result of this type of disability, most SCI individuals rely on a wheelchair for their mobility. They can transport themselves from one place to another using a manual wheelchair with the speed and energy expenditure that is similar to normal individuals. 6, 7 The main problems of using wheelchair are the restriction to mobility owing to architectural features in the landscape and a number of health issues because of prolonged sitting. Decubitus ulcers; osteoporosis; and joint deformities, especially hip joint adduction contracture, can result from prolonged wheelchair use. 8 SCI individuals often undergo various rehabilitation programmes for walking and exercises. It is claimed that walking is a good exercise for paraplegics to maintain good health, decrease urinary tract infections, improve cardiovascular and digestive systems functions, and improve psychological health. 8 In contrast, most patients prefer not to use an orthosis or to use it occasionally. The main problem with orthosis use is the high energy demands it places on the users during ambulation. The walking speed of an SCI patient with an orthosis is significantly less than that of normal walking and also in contrast to mobility with a wheelchair. 9e13 Donning and doffing of the orthosis is another important problem associated with orthosis usage. 14 The high percentage of the force applied on the upper limb musculature is another issue that affects the use of orthoses. Depending on the style of walking, between 30% and 55% of body weight (BW) is applied on the crutch during walking. 15e17 The high value of the force that is transmitted to the upper limb joints increases the incidence of some diseases and also shoulder pain. 18, 19 Fear of fall, especially during performing hand functions, is another problem of using an orthosis.
Although standing with an orthosis may have some benefits for the patients, it has a lot of problems. Hence, the main question posted here is that can walking and standing with an orthosis fulfil the aforementioned benefits or not? Unfortunately, the information given in some text books regarding the benefits of using an orthosis for SCI individuals is based on survey-based studies. Hence, the aim of this review article was to evaluate the available evidences regarding the effect of using orthoses on physiological improvement of patients with SCI. Does walking with orthosis bring some benefits to the patients or not? Moreover, it was aimed to evaluate the performance of the patients and to discuss the problems associated with using orthoses.
Methods
An electronic search was done through the PubMed, Embase, and ISI Web of Knowledge database from 1960 to 2010 ( Figure 1 ). The abstract and title of each study were assessed by the author. A first selection of relevant article was done based on whether the title or abstract addressed the research questions of interest (based on the keywords, which included Spinal Cord injury, Physiological benefits, Walking, Standing, and Orthosis). The second selection of the articles was done according to the following criteria:
1. Experimental studies published in English; 2. Addressing adults and children with paraplegia or/and quadriplegia; 3. The patients used orthoses or frame to improve some parameters, such as bone mineral density (BMD), respiratory system function, cardiovascular system function, joints' range of motion.
Results
From an initial list of 100 articles, 40 were fully retrieved and reviewed, based on the included parameters. The results of the research articles were fully reviewed and categorised based on the physiological benefits mentioned in the literature. The performance of the patients in walking with orthosis was categorised based on the magnitude of energy consumption during walking (Table 1) , 35, 37, 38 stability while standing, and gait parameters.
Discussion
The effects of using orthosis and standing on BMD According to the results of the research conducted by Goemaeres et al (1983), BMD of long bone (femur and tibia) decreased significantly after injury. Most of the research done regarding the effects of using orthosis on BMD showed that walking and standing with orthoses do not influence the magnitude of osteoporosis. The preservation of BMD in lumber spine is more than that in long bones. It may be the result of maintaining the loads on the spine while sitting in a wheelchair. 20e27 There was one research which mentioned specifically that walking with orthosis brought a lot of physiological benefits for the individuals without presenting any evidence. 8 The other important parameters regarding the effects of standing and walking on BMD is the duration of using an orthosis. It was shown that walking and standing with an orthosis must be done lifelong and must be repeated several times a week to have any effects on bone osteoporosis (at least five times per week and 1 hour for every session). Being ambulatory by using mechanical orthoses and the neurological status (muscles stress) are two important parameters that influence BMD. 20e28 However, the results of various research studies showed that the effect of the latter is more important.
The type of the injury (complete or incomplete) influences the BMD; patients with an incomplete lesion have greater BMD than those with a complete one. Every effort should be taken to prevent an incomplete SCI progressing into a complete one. 24, 25 Lastly, some of the research studies have been carried out on spina bifida and myelomeningocele patients, in which the outcome differs from those of SCI resulting from trauma. 31 The effects of skin integrity
The effects of skin integrity are shown in Table 2 . 29e31 Figure 1 . The stages that were selected in this research study.
The effects of standing on spasticity
Most researches are survey based (Appendix, Table 6 ). There was a favourable response by SCI patients on the effects of using orthosis on spasticity. However, the pitfall of these studies is that the return rate of the questionnaires was rather low. 26, 33 Standing and walking with an orthosis extends the hip and knee joints and stretches the surrounding muscles. Applying BW through the legs reduces muscle spasm more efficiently than stretching the muscles only in a supine position. However, there is no evidence to support it. 8 
Effects of standing and walking with orthosis on respiratory function
In standing position, the pelvic tends to tilt more anteriorly than in sitting position. This increase lumber lordosis stabilises a better alignment of the spine in an extended posture. In this posture, the force applied on the internal organs decreases, and as a result, the performance of respiratory organs increases. 8 However, it was shown by Ogilvie et al 32 that orthosis usage and ambulation did not affect the respiratory function of participants 24 months after continued use of an orthosis.
Improving bowel and bladder functions
There is only one research study based on national survey of a sample of individuals with SCI (paraplegia and quadriplegia). The patients who participated in this research study mentioned that walking with orthosis decreases the number of urinary tract infections and regulates bowel and bladder function. 30 
Prevention of joint deformity and improving joint range of motion
Other benefits that were mentioned by Douglas et al 8 regarding the usage of orthosis were prevention of joint deformity and improvement of joint range of motion. They claimed that during standing, the BW is applied vertically downwards and symmetrically on both feet. In this position, the gravitational positioning of flexed joints decreased, and as a result, the risk of deformity of lower limb joint decreased. 8 Middleton et al 33 were the other researchers who mentioned that maintaining range of motion and preventing joint deformity were the two most important outcomes represented by the participants. However, they did not show any evidences to support their finding.
Problems associated with using orthoses
According to the results of various research studies, the main problem of orthosis use is the high energy demand it places on the users during ambulation (Table 3) . 10, 36, 38, 39 The walking speed of individuals with SCI with an orthosis is significantly less than that of normal walking and also in contrast to mobility with a wheelchair.
The high percentage of the force applied on upper limb musculature is another issue that affects the use of orthosis. Depending on the style of walking, between 30% and 55% of BW is applied on the crutch during walking. 15, 34, 40, 41 The high value of the force that is transmitted to upper limb joints increases the incidence of some diseases and also shoulder pain.
Donning and doffing of orthoses is another important problem associated with orthosis usage. Hawran and Biering 14 found that only 3 of 45 patients continued using their orthosis after 10 years. The reason that they mentioned for withdrawing from the use of orthoses was the considerable amount of time that they needed to spend in putting and taking off the orthosis. 14 
Conclusion
It was mentioned in the literature that walking with orthosis brings some benefits for individuals with SCI, such as improving BMD; improving the functions of cardiovascular, digestive, and respiratory systems; decreasing muscles spasm and joint contractions. However, the results of some researches showed that the effects of using orthosis on physiological health are not as many as supposed to be. There is no strong evidence that using orthosis can decrease bone osteoporosis and muscle spasm and improve general health. Moreover, most of the researches in this field are survey based. It can be concluded that the orthosis for standing and walking must be used lifelong to have any influence on the health status of SCI patients. Moreover, they have to use the orthoses four to five times per week for at least 1 hour per session. A variety of orthoses has been designed to enable SCI individuals to stand and walk again, which use different mechanisms to stabilise the paralysed joints and to move the limbs forward during walking. Different sources of power, such as pneumatic and hydraulic pumps, muscular force resulting from electrical stimulation, and electrical motors, have been attempted for walking. However, the results of different research have shown that the performance of the SCI individuals during walking with the mechanical orthosis is very low, and the patients experience a lot of problems in using the orthoses. Many of the SCI individuals withdraw from using their orthoses after they obtain it. The patients reported some problems, such as walking with orthoses is a demanding task in terms of energy expenditure and the mechanical work required; poor cosmesis of the orthoses, especially the hip-guided orthosis; donning and doffing the orthosis takes considerable time and sometimes they need assistance; and experience problems related to fear of falling.
To gain the benefit of using orthosis in patients with SCI, selfmotivation and commitment of long-term use must be strongly held by the patients and the supporting members.
